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ABSTRACT

Bore surface temperatures were recorded at the origin
of rifling and the base of the cartridge case in the 3% /70
Type E Mod 0 Gun. Rounds were fired using "hot" and Wcool®
powders, As a result of this test it is concluded that
the bore surface temperatures produced by the "hot™ and the
"cool" powders are significantly different.

Additional firings were conducted to determine the
characteristics of the NPG bore surface thermocouple. It
was observed from these tests that:

Two bore surface thermocouples installed at the base
of the cartridge case on the same round agreed within 15°C
with one another,

The depth of recess of the thermocouple surface from
the bore varied from 0%090 to 09009 with no significant
effects on the recorded temperatures.

Response of the NPG bore surface thermocouple is
extremely fast. The response time was shown to be below a
limiting value of approximately 0,068 milliseconds., The
corresponding rate of temperature rise, for the conditions
of the test, is 15,000°C per millisecond.

The NPG bore surface thermo¢ouple'has been used on

13 single round firings thus far with no evidence of having
reached its maximum life,
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FOREWORD

The tests reported herein were conducted under the
Foundational Research Program of the Naval Proving Ground
as authorized by reference (a)s This is the second partial
report on Foundational Research Project NPG-M-11016-9, Bore

Surface Temperature Measurements.

The firingskreported in this paper were conducted
during October - November 1953,

This report was rcviewed by:

S. E, HEDDEN, Acting Head
Interior Ballistics Division

Armament Departiment

He S. OVERMAN, Director of Research
Armament Department

L. Co KLINGAMAN, Commander, USN
Armament Officer
Armament Department

N. A, M. RIFFCLT, Director of Research
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INTRODUCTION

In the development of new weapons and propellants, the
bore surface temperature histories are of special interest.
The processes of gun erosion, thermal stress and heat
transfer depend upon the transient temperatures at the bore
surface.

An extremely rugged fast-responding bore surface
thermocouple was develcped by the Naval Proving Ground
during 1957-1953 and a complcte description of it is
contained in reference (b).

The primary objective of this project was to record
the bore surface temperatures at the origin of rifling and
at the base of the cartridge case for both ®hot"™ and Mcool®
propellants fired in the same gun under similar conditions.
Included in this report are the recorded bore surface
temperature-time curves, along with reproductions of the
original temperature oscillograms and simultaneous pressure-
time records.,

A secondary objective of this test was tc determine
more accurately the characteristics of the NPG bore surface
thermocouple. Such characteristics as (1) response of two
thermocouples at the same axial location in the gun on the
same round, (2) effects of varying the distance between the
thermocouple surface and the bore wall, (3) thermocouple
response rate and (4) the durability of the thermocouple
design were determined and the results of these tests are
also included in this reporte.

DESCRIPTION OF MATERIAL

Gun
The 3%"/70 Type E Mod O Gun was used for this test.

The gun dimensions, gauge hole, projectile and cartridge
case dimensions are‘coptained in reference (c¢).

CONFIDENTIAL _ 1
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Powder

Two types of powders were used in this test; SPDN-10ll.
and EX 6586. The physical and chemical characteristics of
these powders are contained in Table l. The calculated
flame temperatures of these powders are 2391°K and 2065°K
respectively. These particular powders were chosen because
they had the widest range in calculated flame temperatures
among the available powders for the test gun at the time of
these firings,

DESCRIPTION OF TEST EQUIPMENT

am—————

A brief description of the construction of this thermo-
couple is contained belowe

A strip of metal foil, approximately 1/8" wide and
090002 thick, is sandwiched between the flat surfaces of a
split cylinder of another metal., Two thin sheets of mica
(3-6 microns thickness) are used for insulation between the
two elements. The two metals comprising the thermocouple
may be made of any thermo-electric combination; however, it
is best to use for the split cylindrical sections the same
material as the metal wall whose temperature is to be
recorded, In this way the flow of heat through the split
cylinder approaches the heat flow pattern of the wall
itself. Nickel and steel were chosen for the elements of
this thermocouple.

The assembly containing the split eylinder, mica and
nickel foil is threaded into an appropriate steel housing.
Set screws and a press-fit ring are then used to keep the
unit together tightly., Finally, the end surface of the
assembly is ground flat and polished with a fine abrasive.
The direction of grinding and polishing is perpendicular to
the slit between the halves of the plug. A number of
thermo-electric junctions are thus formed on the exposed
surface. A sketch of the thermocouple is contained in
Figure 1. The same thermocouple used in the preliminary
firings contained in reference (b) was used for this test.
Additional thermccouples, of similar design, were con-
structed for use at the base of the cartridge case.
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PROCEDURE

Thres rounda with each type of powder were fired in
the 3"/70 gun with other firing conditions identical,
Pressure and bore surface temperature-~time data were
recorded at the base of the case and the origin of rifling.

Ejection times were recorded by a strain gauge mounted
circumferentially about the barrel 290 from the mugzle,
Thus Yejection®” represents the instant the after rotating
band of the projectile reached the point 290 from the muszzle.

RESULTS_AND DISCUSSIONS

Table 2 contains a summary of firing data for each
round. Reproductions of original pressure and temperature
oscillograms are contained in Figures 2 through 7. Fig-
ures 8 and 9 contain the bore surface temperature-time
curves obtained on these firings.

Comparison of Temperature Curvss

There were significant differences in the bore surface
temperatures between the #hot® and ¥cool®™ propellants used
in this test. The maximum temperatures at the origin of
rifling average 1075°C and 980°C for the "hot" and the icool®
powders respectively. Similarly, the maximum temperatures
in the case average 370°C and 280°C, Approximately 40
milliseconds after ejection, the bore surface temperatures
at the origin of rifling average 350°C and 250°C for the
"hot" and "cool" powders respectively.

Consistency of Thermccouple Measurements

The variations in the recorded temperatures from one
round to the next, using a given powder, were very slight.
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Effect of Varying the Distances Between Thermocouple Surface
and Bore Surface

The surface of the thcrmocouple at the origin of
rifling was moved closer to the bcre wall by inserting
successively thinner seating gaskets when installing the
thermocouple. After each installation, the actusl location
of the thermocouple surface was mecasured with a star gauge
type bore micrometer. The depth of recess of the thermo-
couple surface from the bore surface was varied from 9090
to 7009 and no variations were noted in the recorded
temperatures. However, as the depth of recess was
decreased, the amount of coppering on the thermocouple
surface was reduced,

Agreement Botween Two Bore Surface Thermocouples at the '
Same _Lecation on the Samz Round

In Round 1, two bore surface thermocouples were :
installed at the base of the cartridge case. The oscillo- .
grams are reproduced in Figure 2. The lead wire of one of .
the thermocouples was shorted at about the instant of
maximum temperature. Up to this instant, the temperatr- =
curves from these thermocouples agreed within 15°C with one
another,.

Temperature of Gases Leaking Ahead of Projectile

Occasionally the bore surface thermocouple at the
origin of rifling records a temperature change prior to the
passage of the projectile. This is attributed to gases
escaping past the rotating band.

Thermocouple Response

An approximate calculation of the rapidity of the
thermocouple response can be made if one assumes that the
temperature change at the position of the origin of rifling
(340 from the breech face) is applied in the form of a
square wave step function. The response time of the

lFiringa with %009 recess are not included in the data in
this report. They will be treated in 2 later report.

CONFIDENTIAL o
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thermocouple is then arbitrarily defined as the time
required for the thermocouple to produce 63.2% of its
maximum output when this stcp-temperature change is intro-
duced at the bore surface. The records from the thermo-
couple located at 34¥0 from the breech face for rounds 1
and 2 were read under high magnification to determine this

response time. The time constant of this thermocouple was .

thus found to be approximately .068 millisecond. (Measured
times were .065 millisccond and .07l millisecond on rounds 1
and 2, respectively.) The corresponding maximum rate of
recorded temperature rise was approximately 15,000°C »er
millisecond,

Clearly, the temperature rise of the bore surface i3
not a step function. Conseaquently, the time constant as
measured will exceed the true time constant of the thermo-
couple alone. The significance of the reported value is
that it defines a lower limit for the true quality of
response, It is reasonable to expecct that the true response
is appreciably faster.

CONCLUSIONS

As a result of the test conducted, it is coneluded that

significant differences in the bore surface temperatures
exist between "hot" and %“cool® powders fired in the 3%/70
Type E Mod O Gun, As would be expected, the bore surface
temperature rise is roughly proportional to the difference
between adiabatic flame temperature and ambient temperature.
Powders with T, of 2500°K and 2100°K produced temperature
changes of 1075°C and 980°C respectively at the origin of
this gun. This temperature change is approximately 50 per
cent of the elevation of T, above ambient. -
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Subject: Bore Surface Temperatures in the 3"/70 Type E
Mod O Gun Using Hot and Cool Powders by
Je Nanigian, Armament Department, U. S. Naval
Proving Ground, Dahlgren, Virginia
' L October 1954

ABSTRACT

Bore surface temperatures were recorded at the origin
of rifling and the base of the cartridge case in the 3% /70
Type E Mod O Gun. Rounds were fired-using "hot" and Wcool®
powders. As a result of this test it is concluded that
the bore surface temperatures produced by the "hot® and the
"cool" powders are significantly different.

Additional firings were conducted to determine the
characteristics of the NPG bore surface thermocouple. It
was observed from these tests that: '

Two bore surface thermocouples installed at the base
of the cartridge case on the same round agreed within 15°C
with one another,

The depth of recess of the thermocouple surface from
the bore varied from O%090 to 0%009 with no significant
effects on the recorded temperatures.

Response of the NPG bore surface thermocouple is
extremely fast. The response time was shown to be below a
limiting value of approximately 0.068 milliseconds. The
corresponding rate of temperature rise, for the conditions
of the test, is 15,000°C per nillisecond.

The NPG bore surface thermocouple has been used on
13 single round firings thus far with no evidence of having
reached its maximum life,
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Subject: Bore Surface Temperatures in the 3"/70 Type E
Mod O Gun Using Hot and Cool Powders by
Jeo Nanigian, Armament Department, U. S, Naval
Proving Ground, Dahlgren, Virginia
L October 1954

ABSTRACT

Bore surface temperatures were recordei at the origin
of rifling and the base of the cartridge case in the 3%/70
Type E Mod O Gun. Rounds were fired using "hot" and Wcool®
powders, As a result of this test it is concluded that
the bore surface temperatures produced by the "hot® and the
Weool" powders are significantly different,

Additional firihgs were conducted to determine the
characteristics of the WPG bore surface thermocouple. It
was observed from these tests that:

Two bore surface thormocouples installed at the base
of the cartridge casec on the same round agreed within 15°C
with one another. _

The depth of recess of the thermocouple surface from
the bore varied from 0%¥090 to 09009 with no significant
effects on the recorded temperatures,

Response of the NPG bore surface thermocouple is )
extremely fast, The response time was shown to be below a
limiting value of approximately 0.068 milliseconds. The
corresponding rate of temperature rise, for the conditions
of the test, is 15,000°C per millisecond.

The NPG bore surface thermocouple has been used on

13 single round firings thus far with no evidence of having
reached its maximum life,
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